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In the present articlo we shall follow the previously developed plen’ . ..

- (2), Each of the principél processes of aging emulsions -~ coalescence and .’

ssperation -~ will be studied separately, ao thai their relationship may

finally be established. In this 1t is natural %o expsct that 2 nusbs: . of = 0 -

fundamantel rules established by us for gelatin emulsions (1,2, 3) will also "

epply to oleate emlsions. However, in view of the essential difforences -

in structure and properties between the two amilsifiera, wo msi expect

essential differencea in their behavior as woll. :

wwenc'

As was polinted out in the foregoing article (4}, protective films of. - ..
oleate vary according to tho conditions of synthesis. PFirst of ail, condensed
and then expanded single layers are formed, while polymolecular films form
only when spscial conditione are nmaintained. i
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" ‘Whén we copsider emuisions with noncmoleculsr mrotesiive layers, it -
aust be expected thst coalsscence in systems with expanded and condensad
single layers will fail to Progsed uniformly. Since in the first case the
protective films are ungaturated as far as adsorption is concerned, accor-
ding to our ideas of ths coalsscence mechanism a limited ccalescence will
takts place. This process is characterised by the fact that its rats in
4ims drops almost to sero, while the dispersed oll is practically unsepara-
ted in the form of a mascro~layer.  The changes taking place in the systez
during its aging amnmnt to the well-known diminishing of the degres of dis-
persion and increass of the density of the cover by the emulsifier at the
interface between phases.

For a similar limited colescencs we introdused \a.) an ”aquuuo'n CORNBG=" -
ting the mean diameter of the perti les7y_ with the time of aging of system

o d-d, w(d - d,) ¥

whnred i3 the moan dismster of_the drops of oil at time T d is the
initial msan diamster (7" = 3); d.As the mean diamster with‘t‘-u-,dia a
conatant.

Actually, Haricing end Baeman (5) and subseguently rwm- and Horidns
{6) established rules for an ion of bengens in water with expanded
sodium oleate films (—~ 46 £°) in the process just described. This is
illustrated by the curves in Figure 1, constructsd according to the data

of Picher and Harkins. Ths dotied curve O(T) represents tha changs in . .
tize of the area odcupied by . sosp moleculs in an lduorpt:lon laysr,. The:
curve d {T) represents the change of the mean dismster o of oil drope 2lso
az a funotion of the time of sging of the systems, It is evident from'

the drawing that as the drops increass in sixe the density of the so soap A
films also incresses to the poiat of a state of condensation (19. X for :
10 doys of aging). Ll

We used t deta*for chacking equation (1) graphieally.’ In tha aystdn
the equation (T) 1s & straight line and, a» can be seen fxom Figura -
1, the nxpcrhon points provide ths required relationship., We note in.. -
this connsotion that for dp in the calculutions we took the velue @ " -
throughout 16 hours of aging, aincs the magnitudes for the earlier period
(vp to 16 hours) vary 1z-u¢nhrly conuqucntly, the time roading a0 o
nlntak-nfmlshoun. e L

Thus, our equuon for the coaluscenns energy ies Jutirud tor ou.lnions
mtoct«d by expsnded films of oleate juet ac for gelatin systems.  We may
. concluds from this that the coalsscerce mechanism fundamentally doea not
depend upon the nstura of the emulsifier; provided certain gemeral condi-
tions are obsarved (adsormtion aatuution of the layer).

Ritherto we have been conaidering a spontaneous process. However, we

suy comd to the sxee ulilets result in the change of adsorvtion layore by
another method, that is, by subjecting a freshly prepared em:lsion to & P
waak rmdo-ﬂxtunbthd (shakiray in & container). In tlds case the eml-
sion begins to brakdmnpu]wut first, and then slowly and after about

the oil phase is distinguished by sparse drops. The remainder
oomprives s much more stable system. If we make an analysis of the initial
system and the remainder after mixing, we can readily discover the ¢ssential
nature of the Process.

We conducted such an mvntipuon for three mhiona containing bensens,
olecte, end water, prepsred in the usual way (4). The dispersicn analysis

ard determination of soap adsorpticn was done by the msthods described in the
preosding axticle. The ruult.a arv enlleated in Teble 1,
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As can be asan from the table, the nacessary process is accompsnied by -
4 considorable compression of the interface, chiefly due to a partial bresk-
down of the emulsion, whils the protective oleate £3lms are contrasted a lmost
to the point of condensation. . ‘

Passing now to a system with condensed protective oil 2ilms, it ds
posnibls to axpect that thelr aging will take place in a quite different form.,: =

Siamilarly, it appears that the dispersion of a similsr type of emulsion -.i
resgins constant for a long time, acoording to Table 2, where the collected "'/ ..
resilts of dispersion anslysis of thres emuluions, contained in test tubes
with ground-glass stoppers (33 mm in dismeter) for sbout s month at 14-15 s
degrese, sya given. bty

. . Harkine (5) also notes the great stahility of such systems. For one of i
SRR Sl the samples hs could diascover nmo appreciable variation in the degres of dig~ - " "
Pereion after keeping it a year. S

Howsvar, it i3 not yet possible to draw conclusions from theas obgerva-. i G
tions as to the absence of any ocalescence. The latter, as we shall ses B
below, takss place in a very psculiar fashion.

Our cmulsions, when stored, display a marked tendency to gite off fxee - .
bangene, which, it stands to resson, ia inconceivabls without matual fusion
of the scparate drops. This brsskdown of the emulsions is 1llustrated by.:
the curves in Pigures 2 and 3, whers the quantity of released bensens is.
beT Sl glven on the ordinates in psrcentages of its initicl content in the system,

« A : and the aging time in hours is given on the abscissae. The curves in Figure
. S : 2 refer to the series of ssturated emilsions with diveyse concentrations. and
G gondensed protetive oleate films (ses also (4)). The emiloions were kept:
. IR in teat tubea with ground-glase stoppers (dlameter,?3 mm), whils: froa tima:
- S tottntholibcuudmommumdwithnuunringqylindormer
the emlaion had been thoroughly mixed with s glass rod. The curves in
B o Figure 3 wers obtained by the same methcd for a 12:1 enulsion, unifora amounts
o el R of waich were kept in cylindrica) sontslners with diamsters ranging from
i o ! ‘ 4% to 106 nm. During the escape of avoporating bensens the emilsion containers
. were placed in a d~ier ovsr a layer of free benzene. R T CL N

oo [ As can be oeen direotly from the figures, all emlsions, and’especially

R : diluted ones, had broken down conaiderably. Another fact s very noticeabls,

e Gl that 15, the relation of the breakdown rate and the form of the ‘breakdown - .
curves to the diameier of the contsiner. B AR

The breaiidown rate generalliy reases with the circumference of the :
eontziner in which ihe emulsion is red/ (Vigure 3). (u the other hard, ‘tha
brsskdown curves in smmll containers have en S-form, that is, tke process e
here has a somewhat autocatalytic nature. 'The curves for the large. containers. -
are ooncave in relation to the abscissae during the entire time of study of «
the aging process. : AR AR

As 1t sppears to-us, these lsst facts throw Light on the breakdown
mchenisn of emmlsions with condenssd gcap films. Sinoce the rate of L
breakiown depends upoa the oize of the emalsion oolvmn /In the contsiner/, '
wo Bay ascuse with wreat probability that the drops of the oil phase oo th -
the surlface layer of the smuleion in contaot with the extervel non-
polarized medimm (origineily air, and then the maorolayer of bengeme)
are under much less favorable oonditious than those within the con-
tonts. IEridently the sysmetry of ths conditions of existence of an ofl

DN i ’ . " " " cadiaen N
fecy
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dropvmr the n-n lurﬁe-.ér the sysiem is notieub]& diatortod, a3 a result
of which the drops hare fuse with esch other mmrabl: faster, as well as
with the msorolayer of bensens.

This paculisr process is called surface coalescence as contrasted with
volums coalesosnce, the probabllity of which doss not depend npan the spatial
position of the dispersed drops.

Trom this point of view it 4o also not difficult to explain the autocats-
lytic nature of certain curves (small cantainers). Simdlarly, surface cos-
tmmumtwbwmmofthomewfmofasntw,
ot elze within it volume at the edze of cosrse macrc-cceluszions of eir and
bengene. The latter are, eo to apnk, the centers of coalescsmos, and as
they graduslly increase in sivs they in their turn spsed up the procou. o
If the froe surfacs of the emulsion is semll (amell container), the role of
sinilar mecro-coclusions becomss relatively greater, as o usult of which
the hroakdown curves acquire an autocstelytic character.

Thus, -hon protected by condensed sogp films, coslesconce procaedi
very rapidly, esspecially in the lsyors near the edge of the emulsion.

Let ue2 nota in conclusinm that syatems with polymolecular protective
£1las have not besn investigated intensively by us. It is neverthsless to
be notod that they have & atill greater stability. e y N N

Separation and Kxpansjon

; Separation of emulsicns and expension of the films are procscses of
groatest importance to the theory of the stability of highly concentrated-.
emulsfons, With the help of the studias of these processes in previous arti-
ales (2, 3) ws ware able tc explain in°detail the active function of water
when protected by a colloid emlsifier (gelatin). We shall now carry out .
an imes:igauon slong the same plen in the case of omlaiona protectad hy
sodiun oleata.

. Ne are interested in tws basic probhm' (l) inemibmty of th
: Lo, . water bond and the criticsl state of mld.om, and (2) t.he netm of the
A w5 ©. water bond in oleate emulaicuns. L , LR ) . . e

Prelixinary experiments on aepautien ur highly comcntratod oleato )
eulsions in centrifugal fields Liave s'~sady shown that the #ilms formed, ' - -
" as in the case of gelatin systems, are capebls of expansion. Iin other words,
here the mipitaum of water is also at loast a parunlly meraibla LR
process,

Ne made a detailed study of the idnetics of separation in c.ntzd.tu&:.l R
2eids of different strength (from 1,000 to 4,000 rpm) and the kinetics of . ...
expansior: of films for a series of saturated emulsions with condensed protec-.:
tive olsate films Gmulsion ratios of 511, 1611, 12:1, 1851, and 32:1).

‘ . o ... Tas syntheses and the detciled characteristics of these systems, as well as
o : B the asthoc cf measuring ths kinetics of saparation and expansion,were set
. : forth in previous reports (4, 2).

The results cof cortain «xperiments are represented graphically in Figurs
4 (on the right $a the separation, on the left, the expansion); tims T
gserves as the -bngin,, and along the ordinate is givm the relative water

content %n filrs _e.'_',_ in percent. : e &
1) i

i

/
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The data on the kinetlics of separation were used to check the theory of
the process we propoged.. Since the kinetiscs of ssparation are not proparly
of direct interest for the solution of the problems posed above, we shall
limit ourselves dntirely to the observati:n that this check showed a satis-
Zactory correspondance betwean the theoretical and expsrimentsl results.

It is now important for us to determine the minimum water remainder in
emalzicns in their separatien in ceatrifugal fields without broakdown, and
the maximum water content in the films after their saturation expansion.
Brmifluﬂq, the reversible msasuremsnts of our systems will also lie within these
t‘ﬂ N - .

It ie not difficult to determine the first quantity from the separation
ourves by extrapolation to{-+ oo, This quantity, of course, will diminish
with the incrsase in etrength of the centrifugal field. The experiments,
however, show that even with relatively littls strength (1,000~2,000 rpm)

an almost ssturated ssparation is resched.

The asscond of the indlcated quantities {(meximun remainder) canbe
found frem the curves for the expansion of the films. Howsver, this method
o8n givo a correct result only i€ there is still a certain remainder 6£ free
watepr after the sxpansion of the films. And mesnwhile ths films obtainss
from highly ooncentrated aystese (18:1 and 32:1), countarabsort 21l the
separated water. One cen suppose, that here ths original water content is
below the equivalent remsinder, and therefore such emulsions ehould expwd
iz water even without preliminary ssparation. :

Actually, we algo observed this for 18:1 and 32:lmlaicu=. In this
cass wo completed the toncw‘.lu oxpurhmt for determining the- oquiulmt '
Wlw. .

: A test tube was lpproﬁ.mwiv hal? £illed with emuleion. ﬂn mtfuco

“of the emulzion wae carefully levelsd and the gresss was removed from the.

wills of the test tube. Then the test tube was immureed upaide down in
water within a larger test tube with a ground-glass stopper. After a quick:
doubls turnover of the whole system, the small test tube was {illed with -
water up {0 the level of the emtlsion. At the sams tims {he position of the
level mas noted {n a cathetometer and after 30 to 40 hours of expansion, :
sufficieat to agtablish an oquilibrium, the domwerd displacement of this 11-19. -
wus measured. Enowing the original conoentration of the emulsioa, its ini- T
tial volume in the test tube, and the increase in volums upan expanding, it ..
ia not diffiocult to detemmine the equivalent sontent of the bcndad water. 4. -
dhpnetttlsomﬁnnthgimin!imo& j

" In this azporimmt two @sthous were uzod, the msthad of sxtrapolstion m-f.
cording %o th.e curves of the expension of the filme (emulsions with ratios of .
531, 1611, and 12:1), and the capscity just described of the original emul- .
sions to expend, snd we were abls to establish for a nusber of systeas the .
maxisum amount of bonded water. :

: Fusliy, knowing the nquinlwt vnluu of ta‘le ntu- ruutﬂn 1n cxpan-
sion o ssparation and the total intsrface between phases {according to the
dispersion snalysis dsta (4)), it is not difficult %o compute the thickness

§ of the aqueons layers according to the formula

-4~

thnoquin]mtntermiudor!.ntheqatm,andSiammr-
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These final results of cur experiments are assembled in Table 3.
. Thus, Table 3 indicates the area of reversibla change of the interme-
dlats water laysrs in ocur emilsions and, as can be seen from the tabls, in .

the firet epproximation the 1imits of this srea are nat related to the
concentration of the systems. . '

fie_have alrsady encountered a aimilar fact in studying the intermedi- -

el . ate layers of the ioontindtad phase in gelatin emulsions with the sole differ-

RIS enve thet there the equivalent 7ilms in expending rosze only after their :
EAR known nonreveraibls condensstion as a result of the single centrifugal
R . . quﬂity’ofthemtn(i). . . . B TP

However, the ossential difference betwesn emulsions protected by gela~ .
tin and sosp was snother matter, in that it lay in the relative position of
the critical state. We recall thst the latter is veached with such a thick-
nesy of the ra of the continous rhass, when with the external mechanical
offect (mlxing) the amulsion bagine to bresk down with the liberation of dis-
perssd oll in the form of a mscro-layer. In the case of emleione protected
by gelatin the criticel thickness of the films lies between the upper and
lowsr equivslent values of § , that is, it falls in the ares of the revers-
thle change of filus (3). In the cass of emlsions with condensed protective
olosta filma the extraction of water to the point of the minimum remsinder )
doss mot bring about breskdown of the systems. Evidently the criticel thickaness.
of the layers here coincides with or 12 even somewhat less than the sinimm-
squivalent value of § . This is also supported by the results of previous :
work. As was found there, the average thicimess of the water layers in which
a synthesis was still possibls or saturated emuleions with condensed oleate-
layers is equal to about 900 £, which corresponds well with the aversge: ' :
aagiltude of §., in fable 3 (1037 §). . ot et

However, if in our systems the critical limit cannot bs transcendsd by

, -5 0 ‘the mechanical dethod (centrifugal effect) another method can bte used, namely,
LT P J4ei that of Sressing the water. FPor this purpose we subjected iwo spatess with:
T W ratios of 1231 and 32:1 to cooling at a constant tesperature below sero.: A’

P T CUew . knovn volume of esch of the emlsions was continualiy stirced with a thermome~
o Ciie o tew, parmitting measurements af the temperature of the systems fromtinme to:
v : time, while thv volume ¢f released beniens war Jetesuined by powrdng it off
“ 4in a measuring cylinder. A I T B A PR NI

The results of the experiments are shown in Figure 6 in the form of ‘two.
pairs of curves: one Deir corresponds to the temperature change of the sys=
tem with tims t (7) and the other pair represents the amount of separsted ..

" bensene in percentzges as functicns of time, 0/0 (7).

 In considering the curves for t (T) thair peculiar form immediately " i < ~iii’”
strikes the eye. After following a emooth path in the process of cooling i i
the emnlsion from room tempersture, the curve takes a sharp juap, the cause
of which can be interpreted as the beginning of the supercooling of the :
: - gystem.  Then there is a horisontal section.of-constant temperature,.the end
of which coincides with cuxplete freesing of the sater. Cun the other hand,
£rom a compariascn of both pelrs of curves t (T) and 0/0 (7°) it appears
that the progressive breakdrm of amulsions on’y starts from the momant of
freesing of the known part of the water, and the smaller thai pari is, the
SR more concentrated the original emilsion is., For a 32:1 emmlsion, in which
. the water films gre thinnest (~~ 90CR) the beginning of breakdown practically ' :
S " ocolrwiden with the temperature jump in curve t (), that is, with the begin- o T .
ning of the freesing of the water phase. ) _ ) AR e .

. ——
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i g G e Thus, by quite. deffarent imeass ing areived 't the previous value for the
RS : e ) ~oritical thickness of ths water layer, end cansequently for emulsions with
condansed soap films it actually oofnoldes with the minimm equivalent
thickness indicated by the lower line in Table 3.

It is interesting to note that if the freezing point of the continuous
phage of the emulsion is lowerod, the tamperature Uit of the breakdown of
the systea is changed accordingly, We diluted a 48:1 esuleion (97, %3 by
volume) with glycerin three times the volume of the water phase. The gly-
oorin was added in small portions with brisk mixing by an elsctric mixer,
and finally we obtained a very atsble and trensparent 12:1 smilsion and
& coptinuous phase composition of 25 percent by volume of water and 75
Percent by voluse of glycerir,, . Por this smilsion we Plotted the coo R .

" curve £(7T) in Pigure 7, along with the corresponding curve for the 12:1 B A T
esuleion without glycerin (dilution of 48:1 system by water), E TR IR B

As is evident from Figure 7, the curve t(T) for an emulsion with gly-
csrin is a steadily falling branch showing cooling to thermoatatic tempera- -
ture. It $s evident that the horizontal plateau of curve t(T) and conse-
quently the area of breskdown cen be reached only upon much deeper cooling,

Consequently, by edding glycerin io Prepared, highly concentrated emul-
sions protected by 808p, nonfreesing systems canbe successfully prepared;
Ethyl alcohol, acetons, sthylene glycol, and thiodiglycol are not suited )
to this purpose, nor are salt solvtions, A1l of them, in the absence of
glycerin, immdiately break down the emilsion, R e

oy ® #t111 have' to determine the nature of the forces which sustain a
- conriderable ar’, of the water phase in a combined state in smuisic.us with
- condensed protective olsate films. As was noted before (4), onthe border

o L . Of the section of oil drops &n electrical double layer must develop due o' »
- O R the pertial dissccistion of ion-generating groups of soap molecules, forming:
Tt AR : & protective o It is not difficult to demonatrate. this by electyro-'

v g i phioresis mado on a conzentrated emlsion. . . i gy

We carried out an sxperimsnt for <his purpose, ‘11lustrated in Pigure'8:
(platinum elevcrodes), If the negative pole 1n this system is locatec on:. -
the bottom, and the circuit is closed, the wator forms the border ‘of the '
exulsion section; this level, recorded by a cethetomster, remains stesdy. -
If the poies are interchanged, the border very quickly drops toward the . L
ower positive alestrnde == the smulaion absorbs the water, so to speak,': In.
the subsequent switching of poles the smulsion colum is contracted to-its"
former level, but tie process 1s much slower ., Lo A I ey

Measurementsn of ¥, made for an 18:1 emulsion with condensed oleate FAdms oo
with motion of the border of the section below, gave a value of 5485°10™4 P NP
% for the slectrophoretic mobility of the o1l drops. - This f1 re shows | .l i
4 good corresponience with the data of other authors (7, 8, 9), e

Thus, in discussing the bshavior of our systoms we must -conwider the
interaction of electrical double layors. PFrom this point of view it 1s not
difficult to understand that spontaneous separation of our emulsions can
take place only when diffused fcndc ataospheres of the adjacent drops do
mot yet intersest. In the OFposite case, electrostatic repclsivn forzes
ariee between the drops of oil which Provents their joining and eseparating
fyom the water. Separation again becomes possible only under the influence

. of the external forces of a centrifugal field.

. _-7,“"’ et
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AL ST T L feaver, or ‘eVeTY force applied externally a condition of equilibrium
Rt . will ultimately be reached which corresponds to the undistorted state ot
the diffused atmospheres. This 4s also the causs of expansion of eaulsions
protectsd by scap.

It can be concluded from the above thet the mexiomm squilibrivi (expan-
sion) end the minfmum equilibrium (seperation in cantrifugal fields)
thicknesses of the water layers corresponds to the undistorted and fully
distorted condition of the lon atmosphares of the electrical double layers
in an emlsion, :

The conclusion that sslt solutions prevent emulsions from expending . .
follows, rubjest to experimentsl verdficstion,

Thue, in contrest with gslatin emulgions, where the knowm part of the
mter is combined by the csmotic expsnsion forces of the gelatinous pro-
testive layers, in the case of oleats emulsions the water remains cobined
in the aystem beecauss of the elsctrostatic repulsion forees which prevent
the oil drops from joining. This 1s what prevents decresse of the thick-
esp of the water phass layers to the critical amount, and this in turn
keeps *ho system from very ewift coalesoence and from hrealviown,

Thus, on the bdesie of cur investigations we can make a well-supported
: assertion that the mmin cause of the stability of highly concentrated eml- oo
N o e siomo $s the active forceful intersction batween protective filme of 041
o S ‘drops. ‘The nature of this intersction (oamotic or eleotrostatic) depends = . L
) S upon the nature of the erulaifier, and consequently upon tha siructure and . L
propsrtiss of protective films, e el

Howsver, in any smulsifier thin intermedists layers of the water phase = .7 hEIE
mst incicate a loosening effect (Deryagin /an author_7), which aleo prevepts . . .
the o4l drops from Jolning. We cannot decide here what ‘the relative
tance of the loossning effect is compered with osmctic or elsctrostatic
effects in the stabilisation of our systems. ) '

‘1. Coalescence in highly concentrated oll-mater s ype ezuleions protoc;-' i
ted hy sodium oleate was studied. L G

2 It vas found that in emuloions with axpended filas the voluse cosles-
cenoe in relation to aging conditicns produces ‘éither the imown decrsass in

degree of disparsion of the aystem or its partial breakdomn, but in both cases .. R -
the adeorption layers wers concentrated to tie point of condensation. Co G-
3. In mh!.om with condensed ‘ilas the rets of surface coalsacence is § : =8
higker than the rate of volume coalescence, as a result of T

which the system breaks down with aging in the bomdery aress (near the free
‘surface or on the bordsr with large deposits). . .

4. The separation and expension of emulsions vith condensed £ilms ‘of
oleate under diverse conditions was investigated.

. : L 3+ The characteristis of equilibriuia and critieal layers of tre water
‘ C R phase was given.

6. It was proved that bonded water in these systems is maintained by ) -
the elsctrosiatic interaction of single oleute iaywrs. : ; o
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' Table 1. Change of Eaulsions in Weak Mixing
Bafors Mixing ‘ After Mixing
Amount of. Oleate .
in B Ratic "V 8.10~3 Ratio "W.10-%  §:10~3
ol ;3—:. s g? . p: o ok g’
0.02864 225 048 U287 2.8 133 014 33.0 189
0.04296 250 0.09 86,8 33.2 18.0  0.17 51.3  19:6
0.05728 310 0,07  127.5 36.8 22.0 0.07  T9.1 22.8
Tgble 2. Chenge of Emulsione With long Storage
Anount. of Oleate ' ‘0 . Mean Diamster.d for the Tims of v
in m1/7 Batio i Aglng in Bours R
0 Lk 300 526 650
0.00716 3.8 1 20,2 N2 2.0 A5 2.2
" : Glizz 52 I 137 12X 0 17 1250 1ok
. L ocse 0 120 15 126 1.0 134 138 130
fable 3. Thickness f Water layers Under Various Olsate Bmulsfon .. ui- - _ ‘
e i . Conditions (3 in §) » ' . s
’ k O&l-lu%c:' ratic of the emudaion.....cec0ivecee Sel6 - - 12 12 32
g 5 maxiann (oxpansion).eeesseserersonsaesonsiv 1 380 & 320 .4 200 4 160
¢ S minimm (ceparation at 2,000 Tpm)ieceecseic 1830 750 705 866
3 -10- ;
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vl - ' Figure 2. Breakiown of Odsate Env.sless
{ 1ime im fours With Aglng :
: " Figure i. Csalesoence im Olcate’ Ths .figures on the curves ara ths ‘
'Il";mluono {eosording to Fisher oll-water ratio of the emuloion; T is ths
" apd ‘Zavrkine) i tims in hours; the amount of benczine separated
in % of its origical content is om the axis
of oxrdinates.
4
] SO Aours \ X
": : ; . \‘ .
»
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* Time 11 Hewrs : L rime i ffinutes '
Flgure 3, Rffect or Eise of Com- - Yigure 4. The Energs of Separstion
taiser c@ Breakicwn of Reulsion. Right) and the Energy of Expsasin
. Patio 19tl. Tis figives o0  (Left) of an fanlsion With Condensed
the curves are the diameters of Filus of Oleate im a Centrifugal -
3 the contaipers in ma. T i1e the ' ¥ield of 2,000 rpm
; timo in bours. . .
Pigure 5. Diagram of Experimsnt to Determine
| ths Expansion Bquilibrium of an Emulsion
I . i 1 - emulsioe; 2 - vater: 3 - cathetomster .
. . -l -
| LS

. > e
s e it R
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Figure 6. Freezing of Banlsions With Figure 7. Bebavisr of Fmulelons
Condensed Oleate Iaysrs (-6 dogreas O) \ in ¥yeszing (-12 degrees O)
" —o Oleate condeostion equal to ~o- Continuous phase ~ water 100k
’ 0.028 M/1iter, Tatio 12:1 —s- Conticuous phase: water 25%, .
~-o— Oledte condensation egual to ‘ glycerine ‘
0.143 ¥/21ter, ratio 32:1 A - Complete breakiown of emulsion”
‘Figare 8. Dlagrem of Esperiment ot Cataphoresis of kmulsion
1 - emuleion; 2 - water; 3 - oathbetometer
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- 12 -
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